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P=pgH

where p is the surface density and g is the acceleration due to gravity,







The means and variances of the SSMIand ECMWYE winds for the three-year
period have similar geographical distributions but different strc)lp.tits, To find out the
statistical significance of the diffciences between the means and the variances, standard
Student’s t and F tests are performed [Press et al., 1989]). l.arge and significant
diffcrences of the mean are found between 25°N and 25°S in the Pacific Ocean, excepted
in an area roughly within 200 ki from the American coastnorth of the 10°N, in an area
west of 170°1: between the equator and 10°S, and in a nat row zonal belt along the equator
between 80°W and 120°W.  The mean differences are. large along two zonal belts
centered a 15°Nand SC'S, We have no good explanation on the distribution. lLarge and
significant values of F are found in the castern and western Pacific within 20° latitude

north of the equator.

While the underlying cause forthe distributions of the normalized mean
difference. andratio of variance IS not apparent, the temporal characteristics of the.
differences are revealed in time sey ies comperisons at selected off-equatorial locations in
Fig. 2 and cquatorial Jocations in Fig. 3. The 12bourly data arc passed through a 1 ()-day
ronning mean filter to give. graphic cJarity in the figures. Inlig. 2, the temporal
variations arc dominated by pcriods of strong wind separated by quiescence periods of
low wind. The strong winds are casterly, exceptat S°N and 80°W. The two sets of wind
appear to roughly agree during the quiescence periods, but SSMIwinds indicate much
more strength at the peak of the strong wind cvernits.  Unfortunately, there is no high
guality in situ wind measurements to evaluate the two sets of winds at these off-

equatorial locations where the differences are relatively Jarge
There are in Situ wind mecasurements from the TAO moored buoys along the
equator, but the. mean difference between SSMland ECMWE winds are relatively small

at these locations. The buoy measurements and the climatological annual cycles arc
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To clarify the. difference in temperature response to SSM1 and ECMWE wind

forcing], timc series of the first- level (5-1])) temperature produced by the OGCM when
forced by various winds are compar cd with the AVIIRR SST and mcasurements made at
equatorial buoys (Fig. 4). Sufficiently continuous SST mea sureinents are available only
at three cquatorial moorings (110°W,140°W, and 165 °E)). The climatological annual
cycle is compiled from seven years (July 1982 to Junc 1990) of the AVHRR SST. For all
four location s, the model starts at temperatuies that resulted from climatological winds
and arc close to climatologi cal SS'I'. which is Jower than the. observati ons at locations cast
of the.elate-line. When more realistic winds from the ECMWUL and SSMiare applied, the
modcl temperature adjusts (o observed values a locations after a few months and remains
in rough agreement with observations extending through the warm phase of ENSO.

Starting in March 1988, the obsecrvedtemperatore dropped sharply to below

climatological values; the drop is niore thar1 7°C at 11 0°W. The warm and cold ocean

temperature anomalies during the 198"/--- 1988 ENSO event have been described by
McPhadenand 1 layes [ 1990] and others, using, data from TAQO buoys. When the model
is forced by SSMI winds, the model temperature drops by an amount similar to the
observed temperature drops (from AVHRR and buoy data), but the model temperature
rosulting from ECMWE wind forcing remains at climatological values @ locations east of
the date linc. The difference in temperatures caused by HCMWE and SSMI forcing
exceeds 3°C in October 1988 atall three locations cast of the date line. Similar

differences in SST simulations wci € observed by Tang and1.iu [ 1992).

Iastof the. date-line, the tcmperaturesstartto rise around November 1988 and
approaches climatological value in early 1989, but the roodcel temperatures that result
from ECMWF winds arc always higher than those 1 esulting froin SSMI winds. For 1990

at the. stations cast of the date. line, both imodel simmulations indicate cold anomalies not




present in the observations. At 165°K, the differences between model simulations
relatively sinall and there are gencral agrecinent between the model siinulation and the
observations, cxcept during, the periods Yunc-— 1ecember 1989 and May-June 1 990; the

mason for these discrepancies is unclear.

The maximum differences inmcan zonal wind stress are off the equator and the
coast, as shown in Fig. 1, but the largest differcnces in SS'1' 1esponse. (not shown) are
bounded to the eastern cquatorial Pacific and the Avnerican coast. At the three locations
east of the date-l ine., the SST simulations forced by ECMWE winds have  significantly
larger deviations from observations by AVHRR than simulations forced by SSM1 winds,
in both mecan and variance, asshown in Table 1. Similarly, using, SSMI wind also
significantly improve the coriclation cocfficientbetween SST simulations and
observations. ‘I’he statistics in Table 2 arc computed from 363 pairs of datain 3 year at 3
day resolution. The probabilities that the reduction in mean and variance of the “errors’
(deviation from observations) atiscs by puic chance from “cirors” distributions with
equal means and variances arc less than 1 % for all locations, cxcept the 10% vaue for
variance at ] ] 0°W. The probability that the improvement of correlation by SSMI winds
arises by pure chance from two distributions with equal correlations are lessthan 1 % at
14(PW and 130°W, and increases only to 3% at 110('W. Similar conclusion can be

drawn with buoy surface, temperature replacing AVHRR data.

The close agreement between AVHRR and buoy SS'Tis au indication of the high
quality of observations. The most striking result shown in tig. 4 is that the SSM1I wind
produces a more realistic anomalous sur face cooling in 1988 for the cool phase of ENSO
than ECMWL} wind does. Anothcrimplication is on the robustness of the OGCM.A’II
the correlation coefficients betweenmodel simulations and observations are significant;

there arc less han 1 % chance that the cort elation arc results of chance. Overall, the
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reflecting the transition from the warmto the cool phases of 1 :NSO. However, no such
trend is found in Geosat data; the sate]lilc darashow ahigherscalevel than other data for
the cool phase of ENSQO in the boreal summiner and fal) of 1988, Unfortunately, there. is
no altimeter data after February 1989. andthe altimctersampling is quite different from

the other threc data sets,

In general, the. sea level chiange deri ved front OGCM and the sealevel from the
altimeter agrce with the tide gaugc, as suggested by previous cvaluations of Geosat
atimeter data in the tropical Pacific usinginsitumeasu cinents {Cheneyet al., 1989;
Wyrtki and Mitchum, 1 990; Tai ct d., 1 989)and simulated dynamic height [Chao et dl.,
1 993]. The correlation coefficients betweenmodel simulations and observations at
tidegauges shown in Table 3 arc all significant with less than 1% probability that the
correlation coefficients arise by puie chance from uncor elated data. Although the model
responses to the SSMI winds have higher correlation with tide gauge data than the
responses to the ECMWIwinds. the improvement in correlation are small. The
differences in correlation coefficients ar €. obwiously insignificant at Nauru and Kanton
and there are dightly less than 20% probability that the improvements at other stations

arise by chance.

S.4. Z.onal Current

A comparison of zonal currents at 1 0-m depth and 1(0] n depth is presented in
Fig. 7 for three Jocations where in Situ curi ent measurements are available. Since the
buoy data include strong big)]- frequency variations, @ 10-day running mean filter has
beenappli edforclearerdispl ay. At bothlevels, the OGCMresults from both wind
forcing do not agree very well with the 1esults derived from buoy data. The correlation

coefficients between currentsimulations and observations arc latgely insignificant. The
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‘I"his study was performed at the Jet Propulsion Laborator y, California institute of
‘J ethnology, under contract with the National Aeronautics and Space Administration
(NASA). The SSMI wind field was produced at the NASA Goddard Space Flight Center.
We arc! grateful to Victor Zlotnicki for his version of the Geosat sealevel. This study
was supported by the NASA Scat terometer Project, the Topex/Poseidon Project, and the

Farth Obscrving System Interdisciplinary Science Investigation.
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“I’able 2: Samc as ‘l-able 2, cxcept fordyanmmic height (m) instead of surface temperature

and buoy datainsteadof AVI1RR.

Mecan Variance (Correlation

o { Deviation from Buoy Data Coefficient

140°\17
SSM1 0.067 0.00:31 0.71
HCM WE 0.102 0.0033 0.71
Significance 0.000 0.694 0.960
110°W
SSMI 0.081 0.0039 0.54
ECMWF 0.142 0.0()40 (146
Significance 0.000 0.681 0.185
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Table 3: Correlation Cocfficients between simulate.c] sea level change and Tidegauge
observations. The probability thatthe difference in the coefficients arises by chance

from equal values are listed under Significance .

Statio ------ _ SSMI___ BCMWE - Significance.
Rabaul 0.83 0.79 0.16
Kapingamarangi 0.78 0."/5 (.29
Naurn 0.63 0,0)? 0.96
Kant on 0.67 0.66 0.84
Christimas 0.71 0.66 (.17
Santa Cruz. 0.61 054 0.19
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Fig. 4 Comparison of first-level (5-m) temperatures produced by the OGCM, when
forced by SSMI and ECMWE winds, with AVHRR and buoy SST at four locations
(longitudes are indicated in the figure) along the equator. The climatological annual

cycle derived from the AVIIRR S8 is also shown.



. - I
J-day runming mean Tiite! fas T

28

umppj T Yor gl-Thd] ‘LTTdTII\’




Latitude

50N

Latitude

40N
30N
20N
10N
0
10s
20s
30s
130E 150E 170E 170W 150W 130W 110W 90W 70w
Longitude
J F-test for Significantly Different Variance
SON * Sy i L UL e ,
40N - § '
30N
20N - o
10N Cs
<>
...... ) o> <
1OS| o” >
20s p%%\

‘,__,@._,_/Tm_m Ev‘\ /~\ O "'f‘\ Vs o

130E 150E 170E 170M/ 150w 130W 11OVV 90w 70W
Longitude

Plotted Mar 81996




Sea Surface Zonal Wind Stress
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